Backgorund Sleep deprivation (SD) has been used in treatment of depression disorder, and could effectively improve the patients' depressive symptoms.The aim of the study was to explore the effects of SD on electroencephalographic (EEG) and executive function changes in patients with depression. Methods Eighteen depression patients (DPs) and 21 healthy controls (HCs) were enrolled in the present study. The whole night polysomnography (PSG) was recorded by Neurofax-1518K (Nihon Kohden, Japan) system before and after 36 hours of SD. The level of subjects' depression state was assessed by Visual Analogue Scale (VAS), and the executive function was assessed by Wisconsin Card Sorting Test (WCST). Results Significantly decreased sleep latency (SL; before SD: (31.8±11.1) minutes, after SD: (8.8±5.2) minutes, P <0.01) and REM sleep latency (RL; before SD: (79.8±13.5) minutes, after SD: (62.9±10.2) minutes, P <0.01) were found after SD PSG in depression patients. Decreased Stage 1 (S1; before SD: (11.7±2.9)%, after SD: (7.3±1.1)%, P <0.01) and Stage 2 (S2, before SD: (53.8±15.5)%, after SD: (42.3±14.7)%, P <0.05) of non-rapid eye movement (NREM) sleep, and increased Stage 3 (S3, before SD: (11.8±5.5)%, after SD: (23.6±5.8)%, P <0.01) and Stage 4 (S4, before SD: (8.8±3.3)%, after SD: (27.4±4.8)%, P <0.01) NREM sleep were also found. After SD, the depression level in patients decreased from 6.7±2.1 to 2.9±0.7 (P <0.01). In WCST, the patients showed significantly decreased Response errors (Re, before SD: 22.3±2.4, after SD: 18.3±2.7, P <0.01) and Response preservative errors (Rpe, before SD: 11.6±3.6, after SD: 9.3±2.9, P<0.05). Depression patients' RE (t=2.17, P <0.05) and Rpe (t=2.96, P <0.01) also decreased significantly compared to healthy controls. Conclusion SD can improve depression symptom and executive function in depression patients.
C hronic sleep deprivation (CSD) and acute sleep deprivation (ASD) have significantly increased over the past 20 years in China. Sleep deprivation (SD) affects people's physiological and psychological function, such as attention deficit, decreased energy level, and delayed reaction time. 1 Influence of SD has been revealed by many studies. The methods used in SD research include psychological assessment, brain imaging, and cerebral electro-physiology. SD has been used for the treatment of depression, and could effectively improve the patients' depressive symptoms. 2 It was believed that the improvement of patients' depressive symptoms was due to the change in sleep rhythm. Sleep electroencephalographic (EEG) is an effective way in monitoring individual sleep. However, till now, very little is known about sleep structure change and executive function change after SD in depressed patients. Previous study demonstrated that SD may cause EEG changes in a healthy male. 3 The present study was designed to investigate the effects of SD on electrophysiological brain activities and executive function in depressed patients.
METHODS

Subjects
Depression group (DG)
All subjects must meet the following inclusion and exclusion criteria. Inclusion criteria: (1) diagnosed with depression disorder via the International Classification of Diseases, Tenth Revision (ICD-10) by two doctors; (2) depression symptom assessed by Hamilton Anxiety Rating Scale (HAMA, 17 items) ≥18. Exclusion criteria: (1) any chronic organic disease of heart, liver, kidney or serious nature mental disorders other than depression disorder; (2) considered by the investigator to be at imminent risk of suicide.
Twenty one depression patients were enrolled in the study, and three of them quit the study for the reason of not bearing SD. Data of 18 depressed subjects, 11 males and 7 females educated (14.2±4.9) years and with a mean age of (36.8±7.6) years, are reported in this study. Patients were medicated by Fluoxetine (five patients, mean dosage: (32.2±14.3) mg/d), Paroxetine (seven patients, mean dosage: (45.4±19.3) mg/d) and Venlafaxine (six patients, mean dosage: (183.2±44.1) mg/d). No wash out was set before the sleep deprivation.
Healthy controls (HCs)
All patients are self-reported healthy people, without any chronic organic disease, clinically significant ailments or history of alcohol abuse/alcoholism or drug abuse/ dependence and without any family history of mental disorder. Twenty seven subjects were enrolled and six of them quit because of not bearing SD. Data of 21 participants were reported in this study (14 males, 7 females, educated for (13.7±5.4) years, with a mean age of (37.0±9.5) years). No significant difference was found between the two groups in gender, years of education and mean age ( Table 1 ). All participants were informed and signed the consent forms prior to study enrolment.
METHODS
All subjects underwent 36 hours of SD (between 6:00 a.m. on the first day and 6:00 p.m. on the second day). During SD phase, subjects were not allowed to leave the laboratory. Sufficient food, drink, entertainment, and rewards were provided. Stimulants and coffee were prohibited. One on one observation was performed to ensure that all subjects were kept awake.
PSG recording
All subjects slept in the laboratory for three continuous nights: an adaptation night, a SD night, and a night of "recovery" sleep. On the second night recording process started, which included whole night PSG both before and after SD. Every examinee was put into a single room with temperature between 18°C and 26°C. Accommodation condition was exactly the same during these three nights. If due to the changes of accommodation the subject's normal sleeping state could not be reflected accurately through the sleeping record, then the data collected would be abandoned. PSG recording methods were exactly the same as our previous study. 4 PSG indexes includes: (1) Sleep latency (SL) referred to the time frame between lights off and the onset of S1. (2) REM sleep latency (RL) was the time between the onset of sleep and the first REM sleep.
(3) Percentage of Stage 1 (S1%), Stage 2 (S2%), Stage 3 (S3%) and Stage 4 (S4%) referred to the proportion of Stages 1, 2, 3, and 4 to total sleep time.
Depression assessment
The level of subjects' depression were assessed by a visual analogue scale (range 0−10), 5 where 0 stands for no depression and 10 stands for extreme depression. Subjects should report their level of depression by pointing it on the line with a pencil before and after SD.
Executive functional assessment
The subjects' executive function was assessed with the Wisconsin Card Sorting Test (WCST). The cards varying on three basic features (color, shape, and number of items) must be sorted out based on the features. Each time the feature is changed, the next must be discovered by trial and error method. Categories completed (Cc), Total errors (Te), Response preservative errors (Rpe), and Response preservative (Rp) were recorded by computer and analyzed in this study.
Statistical analysis
All statistical procedures were computed using SPSS software (SPSS 13.0, SPSS Inc., Chicago, USA). Results are expressed as means ± standard deviation. A t-test for independent sampling was performed to test differences between two groups, and a paired t-test was performed to test differences within groups. A P value of less than 0.05 was considered statistically significant.
RESULTS
PSG indicators before and after SD
Comparison of PSG indicators in depression group and healthy controls before and after SD was demonstrated in the Table 2 . Significantly decreased SL (HCs: t=6.01; P <0.01; DG: t=7.99; P <0.01) and RL (HCs: t=11.8; P <0.01; DG: t=5.31; P <0.01) could be seen after SD in both DG and HCs. Significantly decreased S1% (HCs: t=6.48; P <0.01; DG: t=6.02; P <0.01) and increased S3% (HCs: t=3.19; P <0.01; DG: t=6.29; P <0.01) and S4 (HCs: t=12.57; P <0.01; DG: t=13.6; P <0.01) could also be found after SD in both DG and HCs.
Compared with HCs, DG showed increased SL (t=3.10; P<0.01), decreased RL (t=2.22; P<0.05) before SD, and increased SL (t=3.03; P <0.01), increased S1% (t=4.88; P 
DISCUSSION
Sleeping is a fundamental physiological demand for every person. It is a physiological necessity with one third of life spent on it. Sleep deprivation might cause deleterious effects not only on daytime alertness but also on cognitive performance. 6, 7 Previous studies have shown that non-rapid eye movement (NREM) sleep electroencephalographic (EEG) delta power (0.5-4 Hz), also known as slow wave activity (SWA), was typically enhanced after acute sleep deprivation (SD). 8 The present study demonstrated that 36 hours of SD may induce shortened SL, reduced S1 and increased S4 during NREM sleep, which was consistent with Crevits' study. 9 Our results suggested that sleeping compensation happens after acute sleep deprivation. Compared with healthy controls, depression disorder patients demonstrated increased sleep latency, decreased REM latency and decreased S4 before sleep deprivation. After sleep deprivation, depression disorder patients showed more increased REM latency and more increased S1% than healthy controls did. Also, we found that sleep deprivation might aggravate the depression level in healthy controls, while relieve the depression level in depression disorder patients. Until now, we can not make sure that the improvements of patients depression symptoms were caused by the changes of sleep structure (increased S1% and REM latency than healthy controls). To find out the relationship between them, multi-factors design is needed in the future.
Another notable phenomenon revealed by the present study was depression disorder patient demonstrated related lower executive function compared with healthy controls before sleep deprivation. Patients make more Total errors (Te), Response preservative errors (Rpe) and Response preservative (Rp) during card sorting task before sleep deprivation. Depression disorder patients making more mistakes may be caused by passive executive function related brain area. 10 Significant improvement in executive function was found after sleep deprivation in the present study. CC, Te, Rpe and Rp enhanced to near to the levels in HCs (before SD). On the other hand, the executive function was impaired in HCs, which was consistent with Jugovac et al report. 11 Although there is no relationship between the improvements of executive function and the relief of the patients' depression level (P >0.05), we still consider that it might be one of the potential cause. To know more details about this, further research is needed.
Many changes took place in human after SD. Bartel et al 12 reported a psychomotor deficit in 52% of sleep-deprived doctors, which was accompanied by increased reaction time especially in simple reaction task. Their results suggested that monotonous tasks were more susceptible to deterioration of performance. After that, Santhi et al 13 also found a slowing of response with decreased accuracy due to sleep deprivation.
This study demonstrated that S4 NREM sleep considerably increased after SD both in healthy controls and depression patients, which was consistent with previous study. 14 It is commonly believed that the NREM sleep increase occurs instantaneously after any type of SD. This indicates that in healthy male the sleep after SD presents a "compensation" mechanism by increasing deep slow-wave S4 sleep in order to achieve sleep recovery. Sleep is regulated by humoral and homeostatic processes. Lopez-Rodriguez's study indicated that SD induced 5-HT level increase occurred on the day of SD. On the day of sleep recovery, even if the laboratory rats slept normally, its 5-HT level was still higher than normal, which also proved the therapeutic effects of SD in treating depression. 14 Recent studies demonstrated that total sleep deprivation (TSD) exerts strong modulatory effects on the secretory activity of endocrine systems which causes impacts on pituitary-gonadal and pituitarythyroid axis hormone concentrations. 15 Until now, the relationship between humoral or homeostatic processes and sleep structure change remains unclear. It deserves further research.
One limitation of the present study is that the patients enrolled were medicated, the influences of medication, hospitalization, and such cannot be ruled out when the results were explained. In order to exclude the effects of these confounding factors, more ingenious design is needed for further research.
In conclusion, SD can significantly improve depression symptom in patients with depression and improve its executive function. These improvements may be related to decrease in the proportion of S1 in NREM sleep stages and REM latency. In addition, underlying neurobiological mechanisms for improvements of depression symptoms and sleep EEG in patients with depression also merited further study.
